The temperature correction in the canopy proceeds in two steps: first, the air temperature is corrected using a quadric fit to measurement data. Then, this corrected air temperature is converted to a leaf temperature using a linear relationship involving the radiation level in the layer under consideration. The functions used here are based on unpublished measurement data of Ulrich Joss determined at Riggstäfeli in Switzerland and Hartheimer Wald in Germany (Joss, 1996) .
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First, the coefficients a, b, c of the quadric fit are selected from Table Supp12 according to the time of day. Then the difference of the air temperature in the canopy compared to the top of the canopy is calculated:
(1) where a, b and c are the coefficients from Table Supp12 and z i is the normalised tree height ∈ [0, 1] of layer i where z = 1 represents the top of the tree (Niinemets, 2010) .
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Then, the air temperature is corrected using this difference scaled with the ratio of the integrated radiation input h g and a reference radiation input h g,ref of 7 kWh m −2 day. This reference radiation input represents a cloud-free sky at the measurement sites of Riggstäfeli and Hartheimer Wald (Joss, 1996) .
This ratio scales the temperature effect with the local conditions:
And finally, the leaf temperature is derived from this corrected air temperature using this empirical relation (derived from data by (Jones, 1992) and (Lamb et al., 1993) 
):
ϑ leaf,i = ϑ air,corr,i − 2.3 K + (6.7 × 10
where G i is the global radiation in layer i.
5
This approach neglects, among other things the cooling effect of the evaporation of water. However, it is in reasonable agreement with literature data (Leuzinger and Körner, 2007) suggesting that leaf temperatures may exceed temperatures by up to 9 K at the top of the canopy.
A typical ϑ and PAR profile within a canopy is shown in Fig. Supp20 for a broadleaf and a conifer forest for a summer afternoon. The shapes of the PAR and the temperature profile are similar because they are linked via Eq. 3.
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The leaf temperature at the tree top is about 3.5 K above air temperature, which drops within the uppermost 20% of the trees height to air temperature and finally reaches a level of about 1.5 K below air temperature at the bottom of the tree. The model predicts that PAR drops below a level of e −1 within the uppermost 20% of the trees height and is completely depleted at the bottom of the tree due to extinction. Note that around 25% of the foliage mass of a model tree (irrespective of the tree type) is contained in the upper 20% of the tree.
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Supp2 Metrics to assess model performance
We used the Pearson product-moment correlation coefficient (r) (Wilks, 2011) :
As a measure of accuracy, the root-mean-square error (RMSE) (Wilks, 2011) :
20
and the coefficient of variation of the RMSE (CV(RMSE)) (Wilks, 2011) :
are used. In these equations, M refers to the modelled and O is the observed value and s is the standard deviation andx is the mean over all x.
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The range of r is [−1, +1] where 1 indicates full positive correlation (the ideal value) and -1 indicates full anticorrelation (Wilks, 2011) .
A perfect model has RM SE and CV (RM SE) of 0, whereas for non-perfect models, these quantities may grow unbounded (Wilks, 2011) . Figure Supp3 : Temporal evolution of C s for isoprene and monoterpenes synthesis emissions of broad-leaved trees (deciduous derived from (Schnitzler et al., 1997) and (Lehning et al., 2001 ), evergreen after (Ciccioli et al., 2003) ). For deciduous broad-leaved trees,
2 ) where doy is the day of the year and the empirical factors a = 1. 0091, d0 = 205.2055, b = 36.5647 . For reference, the dotted line represents the original function given by (Schnitzler et al., 1997) . For evergreen broad-leaved trees, C s = exp(−((a − doy) 2 /(2 × b 2 ))), with the empirical factors a = 170.538, b = 75.033. Note that in the original publication by Ciccioli et al. a minus sign in this equation is missing. Figure Supp4 : Probability density function of the vertical distribution of foliar biomass for needle-leaved and broadleaved trees as used by the canopy correction for ten layers. Distributions obtained from data by Joss (1996) Figure Supp5: Illustration of the work flow to prepare the input data for the emission model. Raw data is at the bottom (land-cover inventory), final data at the top (vegetation inventory). Figure Supp8: Yearly cycle of emissions in Europe (common countries). S1 and S2 are based on Globcover 2.2 using average f c land-cover correction factors. Only biomass seasonality was applied for all inventories.
Figure Supp9: Yearly cycle of emissions in Europe (original countries). S1 and S2 are based on Globcover 2.2 using average f c land-cover correction factors. Only biomass seasonality was applied for all inventories.
Figure Supp10: Yearly cycle of emissions in Europe (original countries) without any seasonal correction. S1 and S2 are based on Globcover 2.2 using average f c land-cover correction factors. Figure Supp11 : Yearly cycle of emissions in Europe (original countries). S1 and S2 are based on Globcover 2.2 using average f c land-cover correction factors. Biomass and enzyme seasonality was applied for all inventories, which strongly affects isoprene and to a lesser extent monoterpenes. 
Figure Supp19: False colour image of tree distribution of S1 and S2 based on USGS GLCC and GLC2000. Green channel: density of evergreen species, Red channel: density of deciduous species. The intensity of the colour is proportional to the fraction of the cell area covered by the given tree type. Corchnoy and Atkinson (1990) and Atkinson et al. (1990) Table 3 : List of vegetation types used for the three inventories. D is the biomass density in g dryweight per per m 2 projected area, LAI is the leaf area index m 2 leaves per m 2 projected area, Type number describe the class of tree: (0) deciduous broad-leaved, (1) deciduous needle-leaved, (2) evergreen broad-leaved, (3) evergreen needleleaved. e 0,ISOP , e 0,M T S , e 0,M T P , e 0,SQT and e 0,OV OC are the reference emission factors in µg h −1 g −1 dryweight for isoprene (ISOP), monoterpene synthesis (MTS), monoterpene pool (MTP), sesquiterpenes (SQT) and oxygenated VOC (OVOC), respectively. Crosses in S1, S2 and S3 indicate the presence of this tree in the respective inventory. Sources: A - (Steinbrecher et al., 2009 ), B -estimation of this study, C - (Smiatek and Steinbrecher, 2006) Latin Name
Common Name D LAI Type e 0,ISOP e 0,M T S e 0,M T P e 0,SQT e 0,OV OC S1 S2 S3 Source Table 4 : Formulas used for the environmental correction factors γ P and γ S Guenther (1997) . PAR is the photosynthetically available radiation in µmol m −2 s −1 (see section "canopy model" of the main text for a detailed discussion), T is the temperature in K and R is the gas constant (8.314 J mol −1 K −1 ). The empirical coefficients have these values:
Abies alba
Factor Formula Table 6 : Comparison of the forest area (km 2 ) in the three inventories with data given by Skjøth et al. (2008) (based on GLC2000) and Simpson et al. (1999) (based on (Organization, 1997) Time (UTC) a b c
